Purpose Use of non-steroidal anti-inflammatory drugs (NSAIDs) may reduce the incidence of several cancers. A recent meta-analysis of randomized trials of aspirin reported a reduction in cancer mortality; however, few studies have investigated whether aspirin or other NSAIDs reduce overall cancer risk. Methods 64,847 residents of western Washington State, aged 50-76, completed a baseline questionnaire in 2000-2002 and reported on their use of individual NSAIDs over the past 10 years. Behavior was categorized as nonuse, low (\4 days/week or \4 years), and high (C4 days/ week and C4 years). Over 7 years of follow-up, 5,946 incident invasive cancer cases were identified. Multivariable proportional hazards models were used to estimate hazard ratios (HR) and 95% confidence intervals (CI).
Introduction
Use of non-steroidal anti-inflammatory drugs (NSAIDs) has been associated with reduced risks of cancers at several sites, including the colon, breast, prostate, and lung [1] . NSAIDs are thought to reduce cancer risk through inhibition of cyclooxygenase (COX) enzymes, particularly the inducible isoform, COX-2, and downstream prostaglandins including PGE 2 , a potent mitogen. A recent meta-analysis of randomized trials of aspirin and cancer mortality found that assignment to aspirin versus placebo conferred a 21% reduction in cancer death (odds ratios (OR) 0.79, 95% CI: 0.68-0.92) [2] . In contrast, few have examined the association between NSAID use and total cancer incidence [3] [4] [5] [6] [7] . Although cohort studies have reported reductions in total cancer incidence for aspirin [4, 7] and non-aspirin NSAIDs [5] , these findings are not supported by results of the Women's Health Study, a randomized trial that found no effect of aspirin on cancer risk [3] . Inferences from these studies are limited. Randomized trials used only aspirin, some at very low doses [2, 3] , whereas observational studies measured only current aspirin or NSAID use in association with total cancer incidence. Few have examined effect modification by sex [4, 6, 8] , and no study has addressed individual types of commonly used nonaspirin NSAIDs [4] [5] [6] .
Here, we address the associations between NSAIDs and total cancer risk in a large, prospective cohort of men and women living in western Washington State. Unique aspects of this study include data on frequency and duration of NSAID use, which is used to generate a quantitative measure of long-term exposure and a large sample size. Because total cancer incidence is comprised partly of tumors of differing sites for men and women, we give results stratified by sex.
Materials and methods

Study population
Participants were members of the VITamins And Lifestyle (VITAL) cohort, a prospective study designed to investigate the associations of dietary supplements and other behaviors, including medication use, with cancer risk. Details of the study design and cohort enumeration are given in White et al. [9] . Briefly, men and women, aged 50-76 at baseline, who lived in the 13-county region in western Washington State covered by the Surveillance, Epidemiology, and End Results (SEER) cancer registry were eligible to participate. Using names purchased from a commercial mailing list, we mailed baseline questionnaires and postcard reminders 2 weeks later to 364,418 individuals between October 2000 and December 2002. Of these, 77,719 (21.3%) were returned and considered eligible. Participants with a positive or missing history of any cancer other than non-melanoma skin cancer (n = 11,463) at baseline, missing baseline on use of NSAIDs (n = 1,388), or for whom a post-baseline cancer diagnosis was available only from the death certificate without a date of diagnosis (n = 21) were excluded, leaving 64,847 participants for analysis. All participants gave informed consent, and study procedures were approved by the Institutional Review Board at the Fred Hutchinson Cancer Research Center.
Data collection
The baseline questionnaire included questions on participants' regular use of NSAIDs, defined as C1 day/week for C1 year, including frequency (days/week) and duration of use (years) in the past 10 years of low-dose aspirin, regular or extra-strength aspirin, ibuprofen, naproxen, and celecoxib/rofecoxib. Use of each drug over the 10 years prior to baseline was categorized as none; low, \4 days/week or \4 years; and high, C4 days/week and C4 years. Additional variables included ''non-aspirin NSAIDs,'' defined as the maximum of 10-year use of ibuprofen, naproxen, and celecoxib/rofecoxib, and ''regular-strength NSAIDs,'' defined as the maximum of 10-year use of regular or extrastrength aspirin, ibuprofen, naproxen, and celecoxib/rofecoxib. Both summary variables were categorized as none, low use, and high use as for individual NSAIDs. Therefore, if an individual had high 10-year use of regular-strength aspirin and was a low user of ibuprofen, naproxen, and COX-2 inhibitors, the individual was classified as a high user of regular-strength NSAIDs. Low-dose aspirin use was excluded from the ''regular-strength NSAIDs'' variable as it is not thought to have strong anti-inflammatory activity [10, 11] . The analgesic, acetaminophen, was excluded from all analyses as it has weak anti-inflammatory properties.
Data were also collected on known or suspected cancer risk factors and correlates of NSAID use. Participants reported their demographic and health-related characteristics, including height, weight, education, and marital status; multivitamin use; smoking history; alcohol consumption at age 30, 45, and at baseline; and medical history, including cancer screening and family history of cancer. Participants who reported having had a heart attack, angina, angioplasty, or bypass surgery were considered to have a positive history of coronary artery disease (CAD). Female participants additionally reported their ages at menarche, menopause, and first birth, as well as their use of hormone therapy. From these data, we computed several variables: body mass index (BMI; kg/m 2 ); pack-years of smoking; and MET hours/week of activity over the past 10 years [12] . Regular diet was measured using a 120-item food-frequency questionnaire [9] . Dietary patterns that may be risk factors for cancer were based on two factors identified by the World Cancer Research Fund/American Institute for Cancer Research extensive review of diet and cancer risk [13] : total fruit and vegetable (excluding potatoes) intake; and total consumption of red or processed meats (bacon or breakfast sausage, hot dogs or sausage, lunch meats, beef, pork, ham, lamb, ground meat, and organ meats).
Case ascertainment Cohort members were followed for incident invasive cancer diagnoses from baseline to December 31, 2008 , with a median follow-up time of 7 years. Incident cancers were ascertained by linking the study cohort to the western Washington SEER cancer registry, which is maintained by the Fred Hutchinson Cancer Research Center. All cancer cases, except non-melanoma skin cancer, diagnosed within the 13-county area of western Washington State are reported to SEER along with stage, histologic subtype, and other tumor characteristics. Cases were ascertained through all area hospitals, offices of pathologists, oncologists, and radiotherapists, and from state death certificates. Extensive quality-control procedures ensure that registry data are accurate and complete. Linkage to SEER is based on ranking of the agreement between characteristics common to VITAL and SEER including name, social security number, and date of birth ; matches with high concordance were made automatically, while visual inspection was performed for matches in which some, but not all criteria matched. 5,946 incident, invasive cancer cases were diagnosed among eligible participants between baseline and December 2008.
Follow-up for censoring
Excluding the 9.2% of the cohort with incident cancer diagnoses, the remaining participants were right-censored from the analysis at the earliest date of the following events: requested removal from the study (0.03%), death (3.4%), emigration out of the SEER catchment area (7.5%), or December 31, 2008 , the most recent date of SEER linkage (89.0%). Deaths that occurred in the cohort were ascertained by linkage to the Washington State death file, using procedures similar to the SEER linkage. The National Change of Address System and active follow-up by telephone calls and mailings were used to identify participants who had moved out of the SEER catchment area.
Statistical analysis
Because total cancer incidence is comprised partly of tumors of differing sites for men and women, analyses for cancer incidence were performed stratified by sex. Logistic regression models estimated OR and 95% confidence intervals (95% CI) for the associations between participant characteristics and regular-strength NSAID use. Cox proportional hazards regression models were used to estimate age and covariate-adjusted hazard ratios (HR) and 95% CI for sex-stratified associations between NSAID use and cancer incidence. Participants' ages were used as the time metric in regression models with left-truncation at age at baseline.
We selected a priori potential confounders (including known and suspected risk factors of the most common cancers) for inclusion in regression models. Proportional hazards models were adjusted for age (time variable: years); education (Bhigh school, some college, and Ccollege graduate); race (White, African-American, Asian or Pacific Islander, Hispanic, Native American, and other race); marital status (married or living together, never married, separated or divorced, and widowed); height (inches: quartiles); BMI (\25.0, 25.0-29.9, and C30.0); 10-year physical activity (MET hours/week: 0 and tertiles of activity); smoking (pack-years: never and tertiles of pack-years); alcohol consumption at 45 years (drinks/day: 0,\1, 1-2, C2); fruit and vegetable consumption (servings/ day: tertiles); red or processed meat consumption (servings/day: tertiles); multivitamin use (never, former, and current); self-rated health (excellent, very good, good, fair, and poor); number of first-degree relatives with histories of colon cancer, lung cancer, or hematologic malignancy (separate variables coded as 0, 1, and C2); and sigmoidoscopy in the last 10 years (yes/no). Alcohol consumption at 45 years was used as a covariate in the statistical models, because it was the best predictor of total cancer incidence among the three time periods of alcohol use collected.
We also adjusted regression models for the following measures among women: number of first-degree relatives with a history of breast cancer (0, 1, C2); mammogram in the past 2 years (yes/no); age at menarche (B11, 12, 13, and C14 years); age at menopause (B44, 45-49, and C50 years); age at first birth (B19, 20-24, 25-34, C35 years, nulligravid); years of estrogen-only hormone therapy (0, 1-4, 5-9, and C10); years of combined hormone therapy (0, 1-4, 5-9, and C10); and history of hysterectomy (none, simple, total or bilateral oophorectomy). We adjusted models for the following measures among men: number of first-degree relatives with a history of prostate cancer (0, 1, and C2); and prostate-specific antigen (PSA) test in the past 2 years (yes/no).
We additionally adjusted regression models for indications/contraindications of NSAID use, including histories of coronary artery disease; risk factors for coronary heart disease, including history of diabetes, use of cholesterollowering medication, and use of blood pressure medication; osteoarthritis or chronic joint pain; migraine or chronic headaches; and history of gastric ulcers (each coded as yes/no). Regression analyses for any one exposure were further adjusted for use of other NSAIDs.
In addition to differences by sex, we hypothesized a priori that the association between NSAID use and cancer incidence would be modified by factors found to be associated with markers of inflammation, including smoking status [14] , BMI [15] , history of coronary artery disease [16] , and use of cholesterol-lowering drugs [17] . p values for interaction (p interaction) between NSAIDs and potential effect-modifiers were computed by including a Cancer Causes Control (2012) 23:431-444 433 multiplicative term using the ordinal 10-year (non-user, low, high) NSAID variables in multivariable models. In order to interrogate differences in the association of NSAIDs and cancer incidence between men and women, we categorized solid tumors into mutually exclusive categories: colorectal (n = 451); shared (between the sexes) cancers other than colorectal (n = 2,551; including lung, head and neck, pancreas, skin, kidney, bladder, brain, and hematologic malignancies.); cancers of the female breast and reproductive system (''female cancers''; n = 1,269); and cancers of the male reproductive system (''male cancers''; n = 1,636). Hematologic cancers (n = 595) were defined using the World Health Organization Classification of Hematopoietic and Lymphoid Neoplasms [18, 19] and included among cancers of shared sites. Breast cancer was restricted to female breast and excluded from shared sites. We separated colorectal cancers from other cancers shared by the sexes to show that the association in VITAL is consistent with that of the literature and to remove its strong effect from that of other shared cancer sites.
In supplemental analyses, we additionally classified cancers by mutually exclusive sites: gastrointestinal cancers other than colorectal ([GI]; n = 357; including esophagus, stomach, liver, pancreas, gall bladder, small intestines, and anus); lung cancer (n = 648); and other shared solid non-GI cancers (n = 951), defined as all solid, non-GI cancers shared by men and women except lung and hematologic cancers. The major cancers included in this classification were cancers of the skin, kidney, bladder, and thyroid. Excluded from these classifications were those whose primary site was unknown (n = 39) and hematologic malignancies. Supplemental analyses of melanoma were additionally adjusted for skin cancer risk factors: freckles, C3 sunburns, and red or blond hair (all between the ages 10-20 years); reaction to 1 h in strong sunlight; family history of melanoma; and personal histories of nonmelanoma skin cancer and mole biopsy.
All analyses were done using SAS 9.2 for the PC (Cary, NC, USA). All reported p values are two-sided. P values for trend (p trend) were calculated by treating categorical exposures as ordinal in proportional hazards models.
Results
Age-adjusted associations between selected characteristics of VITAL study participants and use of regular-strength NSAIDs are given in Table 1 . Increasing age, body mass, smoking, and increasing consumption of alcohol and red meat were all positively associated with high use of regular-strength NSAIDs in men and women. Participants who underwent cancer screening were also more likely to be high users of regular-strength NSAIDs, as were those participants with positive histories of chronic disease (including coronary artery disease, diabetes, and osteoarthritis/chronic joint pain) or migraine/chronic headaches. Gender differences in associations with regular-strength NSAID use were observed for education, physical activity, fruit and vegetable consumption, and history of ulcers. Table 2 gives age and multivariable-adjusted associations between NSAID use and total cancer incidence. Differences between the age-adjusted and fully adjusted regression models were generally small. Relative to non-use, high 10-year use of regular-strength NSAIDs was associated with a 12% reduction in cancer incidence among men (HR 0.88; 95% CI: 0.79-0.97; p trend = 0.01) and a 10% statistically non-significant increase in cancer risk among women (HR 1.10; 95% CI: 0.96-1.25; p trend = 0.16). The p for interaction for sex was \0.01. Among men, high 10-year use of regular-strength aspirin (HR 0.89; 95% CI: 0.80-0.99; p trend = 0.06) and ibuprofen (HR 0.85; 95% CI: 0.69-1.03; p trend = 0.01) were associated with reduced risk. In women, high 10-year use of regular-strength aspirin was not associated with a reduction in overall cancer risk. Neither low-dose aspirin nor naproxen use was associated with cancer risk in men or women. Findings were similar when we restricted cases to those diagnosed [4 years after baseline (data not shown). The associations between NSAID use and total cancer risk were not modified by body mass index, smoking status, history of heart disease, or use of cholesterollowering drugs (data not shown). Table 3 gives the association between NSAID use and cancer incidence categorized into mutually exclusive groups: colorectal cancer (the site with the strongest evidence for an association with NSAID use [20, 21] ), other sites of cancer shared between men and women, female cancers, and male cancers. In men and women, high use of regular-strength NSAIDs (HR 0.60; 95% CI: 0.39-0.93 and HR 0.60; 95% CI: 0.37-0.96, respectively) and low-dose aspirin (HR 0.55; 95% CI: 0.33-0.92 and HR 0.55; 95% CI: 0.31-0.97, respectively) were strongly associated with reduced risk of colorectal cancer. In men, regular-strength aspirin but not non-aspirin NSAIDs was inversely associated with colorectal cancer risk, while in women nonaspirin NSAIDs but not regular-strength aspirin were inversely associated with risk. In contrast, high use of regular-strength NSAIDs was associated with reduced risks of cancer of shared sites other than colorectal cancer in men (HR 0.83; 95% CI: 0.71-0.97; p trend = 0.02) and statistically non-significant increased risks in women (HR 1.18; 95% CI: 0.97-1.44; p trend = 0.09) relative to non-use (p interaction \ 0.01). There were no statistically significant associations between NSAID use and risks of sex-specific cancers (analyses of the association between NSAID use and breast [22] and prostate cancers [23] in the VITAL cohort were reported previously). Results for individual cancers at shared sites other than colorectal are given in Supplemental Table 1 . Analyses of the association between NSAID use and lung cancer [24] , melanoma [25] , and hematologic malignancies [26] in the VITAL cohort are published elsewhere. We observed decreased risks for men and increased risks for women with regular-strength aspirin use and gastrointestinal cancers other than colorectal (HR 0.66, 95% CI: 0.42-1.04, p trend = 0.03; and HR 1.98, 95% CI: 1.19-3.29, p trend = 0.08; respectively; p interaction \ 0.01), regular-strength aspirin use and hematologic cancers (HR 0.72, 95% CI: 0.51-1.03, p trend = 0.14; HR 1.27, 95% CI: 0.77-2.09, p trend = 0.11, respectively; p interaction = 0.02) and non-aspirin NSAID use and risk of other shared solid non-GI tumors (HR 0.81, 95% CI: 0.53-1.25, p trend = 0.33; and HR 1.63, 95% CI: 1.11-2.39, p trend = 0.02, respectively; p interaction = 0.04). In women, this latter association was partly explained by substantial increases in risks of malignant melanoma (n cases = 111; high vs. non-use: HR 3.14, 95% CI: 1.61-6.15; p trend \ 0.001) with use of non-aspirin NSAIDs. There was no association between NSAID use and melanoma in men. In our previous analysis of melanoma, we did not stratify on sex [25] . Lastly, there were no sex differences for NSAID use and lung cancer risk.
Discussion
In this large, prospective study of men and women, longterm NSAID use was inversely associated with total cancer incidence in men only. There was little support for a chemopreventive role of NSAIDs in women, apart from the well-established chemopreventive properties for colorectal cancers [20, 21] , and limited evidence of an increased risk.
In men, long-term use of regular-strength NSAIDs, aspirin and ibuprofen in particular, was associated with reduced risk of cancer. No studies have investigated individual non-aspirin NSAIDs and total cancer risk in men or women. Three observational studies have examined the association between either aspirin or non-aspirin NSAIDs and cancer risk in men [4, 6, 7] . In 1994, Schreinemachers et al. [7] reported that ever use of aspirin in the 30 days prior to baseline was associated with a reduction of cancer risk in men (IRR 0.79; 95% CI: 0.67-0.93), using data from the National Health and Nutrition Examination Survey I (NHANES). Findings from this study should be interpreted with caution, however, as many cancer risk factors were not included for multivariable adjustment. Jacobs et al. [4] reported a similar finding for aspirin in the Cancer Prevention Study II Nutrition Cohort (hereafter, ''CPSII''), a nationwide study of diet and lifestyle and cancer incidence among 146,113 men and women. The authors reported that relative to non-use, current, daily use of aspirin for C5 years was associated with a 16% reduction in cancer risk (HR 0.84; 95% CI: 0.76-0.93) in men. In contrast, using data from the North Jutland County Prescription Database and linking them to the Danish Cancer Registry, Sørensen et al. [6] reported no association between prescriptions for non-aspirin NSAIDs and cancer incidence (SIR 1.0, 95% CI: 1.0-1.1) in men. These findings may be due, in part, to confounding and measurement error-the Danish study was age-standardized only, and analyses were not adjusted for other major cancer risk factors. Additionally, NSAIDs available over-the-counter were not included, and the authors were unable to account for prescription compliance, potentially adding to measurement error [6] . Recently, Rothwell et al. [2] published a meta-analysis of 8 randomized trials of aspirin and cancer mortality. The authors reported that allocation to aspirin [2] . Sixty-eight percent of participants in the 8 trials were men. Although these findings only reflect the most fatal types of cancer, they provide supporting evidence that aspirin reduces cancer risk in men. In contrast to our findings in men, we found that use of NSAIDs was not associated with a reduction in overall cancer risk among women. This result is inconsistent with those from the few prior studies of NSAID use and total cancer risk in women [4] [5] [6] [7] . In the aforementioned CPSII [4] , aspirin use was associated with a small, statistically non-significant reduction in cancer risk among women (RR 0.86; 95% CI: 0.73-1.03). A similar risk reduction was reported from the Iowa Women's Health Study (IWHS). In the IWHS, Bardia et al. [5] reported use of aspirin C6 times per week was also associated with decreased cancer incidence (RR 0.81; 95% CI: 0.73-0.90) relative to non-use. Authors of the NHANES study reported no association between recent aspirin use and total cancer risk among women [7] , and authors of the IWHS [5] and Danish prescription linkage study [6] reported no association between non-aspirin NSAIDs and total cancer risk among women.
We can offer little explanation as to the differences between our results and those of the CPSII and IWHS. In the IWHS, investigators did not separate the effects of regular-strength aspirin and low-dose aspirin, even though the latter is strongly associated with other healthy behaviors. The reported reductions in risk may partly reflect the confounding effect of such behaviors. Both studies assessed short-term use of either aspirin or NSAIDs, and it is possible that short-term and long-term effects of these drugs may differ.
Neither the use of low-dose aspirin nor naproxen was associated with overall cancer risk in either men or women. To our knowledge, the Danish prescription linkage study is the only observational study to examine the association between low-dose aspirin and cancer risk [8] . Different from our findings, the authors reported statistically significant increases in risk for men (SIR 1.10, 95% CI: 1.04-1.16) and women (SIR 1.08, 95% CI: 1.01-1.14). Cook et al. [3] reported no effect of low-dose aspirin (100 mg) taken every other day on cancer incidence in the Women's Health Study randomized trial, and Rothwell et al. [2] observed reductions in cancer mortality regardless of aspirin dose in their pooled-analysis of aspirin trials. To our knowledge, no study has examined the associations of naproxen with cancer incidence. Further high-quality studies are needed to better understand the association between these drugs and cancer incidence. Our findings of a reduction of colorectal cancer incidence for men and women are highly consistent with randomized trials and observational studies of aspirin and other NSAIDs, which have established these medications as chemoprotective agents against colorectal cancer incidence and mortality [2, 20, 21, 27] .
The different associations that we observed between NSAID use and total cancer risk in men and women are somewhat inconsistent with the literature. Differences were primarily driven by findings for female cancers and for shared anatomic sites (other than colorectal cancer), especially melanoma and hematologic cancers. Our finding of a statistically non-significant increased risk of cancers of the female breast and reproductive system differs from the literature. There is evidence that use of NSAIDs, particularly aspirin, may reduce the risk of breast [28] , but not ovarian cancer in women [29] . Although comparisons for this classification of cancers are challenging, NSAIDs have generally been associated with reduced risks of solid tumors, including cancers of the lung [30] , the gastrointestinal tract [31] , and less common sites [1] . There is limited support of an increased risk of hematologic malignancy among female NSAID users in this [26] and other studies [32, 33] . Findings for melanoma have thus far been inconsistent [1, 4, 25] .
We know of little reason why the use of NSAIDs may be differentially associated with cancer incidence between the sexes. Although the biologic mechanisms are not understood, there is some evidence that the protective effect of aspirin on cardiovascular disease may also differ by sex, based on meta-analyses of the randomized trials of these effects [34] [35] [36] . It may be that our findings reflect sex differences in the metabolism of NSAIDs [37, 38] .
Strengths of the VITAL cohort include its large sample size, prospective design, inclusion of both men and women, availability of information on a large number of potential confounding factors including indications/contraindications for NSAID use, and near-complete follow-up using the population-based SEER cancer registry. Different from previous studies, we were able to collect exposure data on the use of individual NSAIDs, allowing us to report on the association between the most commonly available over-the-counter NSAIDs and cancer risk.
The primary limitation of this study is that we were unable to ascertain information on NSAID dose (other than for aspirin). As available formulations vary, it is possible that participants classified as ''high'' users (i.e., frequent and long-term users) may have used the lowest doses to avoid adverse effects. In addition, we were unable to obtain data on post-baseline exposures. We expect that introduction of measurement error would be non-differential and would therefore result in more conservative point-estimates. It may be possible that NSAID use was the result of early cancer-related pain (''protopathic bias''). However, restricting the analysis to cancers diagnosed [4 years after baseline did not materially change point-estimates. We considered the possibility of confounding by indication, and we adjusted analyses for known indications/contraindications of NSAID use as well as predictors of cancer risk; however, some residual confounding may remain. Finally, NSAID users in this study were less healthy and possibly more likely to die from other causes, leading to the possibility that long-term survivors may have reduced cancer incidence. These competing risks would have minimal effects on our results as it is unlikely that those who died differed in their risks of cancer independent of their shared risk factors, for which we made every effort to adjust.
In conclusion, we provide evidence in support of a chemopreventive role of NSAIDs for total cancer in men and colorectal cancer in both sexes. However, our findings do not support the limited evidence that NSAID use is associated with reduced risk of total cancer among women. Additional prospective studies with high-quality data on NSAID exposure and long-term follow-up for cancer among women are needed before a public health recommendation can be made.
